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v kpi:'discuss how Single bus o rganization conned s_ the. computer 
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a processor has several registers/building blocks: 

♦ Memory address register (MAR) 

♦ Memory data register (MDR) 

♦ Program Counter (PC) 

♦ Instruction Register (IR) 

♦ General purpose registers PO - R(n-l) 

♦ Arithmetic and logic unit (ALU) 

♦ Control unit. 



(Recall from Chapter 2) : 



• i 



(J>in»le busV ganization: 

• ALU, control unit and all the registers are connected via a single 
common bus. ' ' ' >U tfs 

• Bus is internal to the processor and should not be confused with 
the external bus that connects the processor to the memory and 

I/O devices. 

ftatajincsjofthe external memory bus are connected to the 
internal processor bus via MDR 

S Register MDR has two inputs and two outputs. 

^ Data may be loaded to (from) MDR from (to) internal processor 

-bits or external memory bus 

' A. dd .ress nneg /ofihe external memory bus are conned.-. I to the 
internal processor bus via MAR. 

S MAR receives input from the internal processor his. 
£ MAR provides output to external memory bus. 
^ Instruction decoder and c ontrgMogicj)^^ „nil 
issues signals to control the operation of all units inside the ~ 
processor and for interacting with the memory bus. 

^ Control signals depend on the instruction loaded in the 
Instruction Register (IR) 

• Q»t p»ts from the control lo^o h\ M y , lt „ gunnecteil to: 

S Control lines of the memory bus. 

S ALU, to determine which operation is to he performed. 

■ Select input of the multiplexer MUX to select between 
Register Y and constant 4. 
^ Control lines of the registers, to select the registers. 

• Registers Y, Z, and TF.M1': 

^ Used by the processor for temporary storage during execution 

of some instructions. 
^ Note that Registers RO to R(n- 1 ) are used to store data 

generated by one instruction for later use by anotliei 

instruction. 

' Data is stored in RO through R(n- 1) after die execution ofan 
instruction. 

• Multiplexer MUX select, either th„ »„ Tp „ r of fCj , lskr ^ 
a constant 4, depending upon the control input Select. 

♦ Constant 4 is used to increment the value of the PC. 



Disadvantages of using Simple si n»le-hus structu re 

Results in long control sequences, because only onedata i.en, can he transferred ov 
the bus in a clock cycle > ) ci^a ^ \J ? 

;. , ; . 
Q2:/»ow are Registers connected to the in^rn-.i i { „ s ? 
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ia switches controlled by 



At any one time (rising edge () f clock pulse), only one register 
may output its contents to the bus. 
S Registers load data by control signal. 
S Registers are connected to the bus vi 
the signals Rin & Rout. 

' Each re 8 ister Bl lias two control signalsf Riin^nOjii out 
^ If Ri in=l, the data from the bus is loadeu^iiu^lie^^r'' 
^ If Ri out=l, the data from the register is loaded onto the bus. 
^ The same holds for registers Y and Z as well. 
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' EaclU^^aj^ister may be implemented hv^m eijge-rnfige.vd D-llin Ho,, 
^^"P^nmltiplexer is us^ejecnhe ikli. applied to tl,7^f a ~ 

^ 0 output of tj^nip^^ ^ ,| ld2lK x iiiLt . „ ,,_ 

Ri in 

U i mil 



U Ri in=l: ~ 

^ Multiplexer selects the data on 
the bus. 

^ Data is loaded into the flip-flop 
at the rising edge of the clock 
if Ri in=0: 

^ Multiplexer feeds back the value 
currently stored in the flip-flop. 

^ Q output represents the value 
currently stored in the flip-flop. 
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1 '"^atc • ate k'.als the value of the 

Mip-tlop .MU«' !i.r hllS. 

' l'a f a h,)i is loads. I onto the bus at 
H.c lisil.i: r.L'c ..f the clock. 
v 11 Ri mil- yk 

1 { - "t.;pm i , m h|»ji impedance 

i -■■lecli leal I v div.v mice led ) state. 
v v i.i responds to i pen-circuit state. 



' Pata transfers nndop ont u uis take place w,,hm time oenod, def,,,, I,, the processor 

' multiphase clockin g: When edge-triggered flip-flops a,e no, used, t,o or more clock 
signals may be needed to guarantee proper transfe, of data. 

03)hqw roister transfer works with Cock p„|«e 1 A»un, £ u>u need to uansfer data 
from raster Trans fer the contents of r e.is,,,- i» u.^^^J ~~ 
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>. Control signalsR3 out and R4 in become 1. They stay valid until the e7777~k 

2. After a small delay, the contents of R3 are placed onto the bus. The contents o f R " stay 
the bus until the end of the clock cycle. 

3. At the end of the clock cycle, the data onto the bus is loaded into R4. R3, 



iv onto 



. and R4, n become 
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1 . Control signals R3out, R4in and R5in becomel They stay valid until die end of the clock 
cycle. 

2. After a small delay, the contents of R3are placed onto the bus. The contents of R3 stay 
onto the bus until the end of the clock cycle. 

3. At the end of the clock cycle, the data onto the bus is loaded into R4 and R5.R3 out, R4in 
and R5in become 0. 



Notes 

Q The number of register s that can he sinnilhint-nn^tv L^-^) ^r-^jlimr 

♦ Drive capability (fan-out) 

♦ Noise. 

♦ Note that this is an electrical issue, not a logical issue. 

Q4:jPerformina an arithm etic operation Add the contend ,n' ,v,,i. f ,, < /,'/ ^iU'j and place the 
>Csult in R3. That is: ft.? = Rl + R2. 



1. I'l.u c tin: ..uterus ii! i k I into the \' 
register Hi the m- 1 do, ... ( ■■ clr 

2. Place the omi.-uI-. of resist,.- k.: onto the bus in 
the second duel, e;,ele Both inputs to the ALU are 
now valid Select regisier 1 i ..ir.d assert the ALU 
command I A - it. 

3. In the third clock cycle, Z register has latched the 
output of the ALU. Thus tin contents of the Z 
register can he copied into register IO 

Clock Cycl e 1: 

Rl^m (Y-kli 

Clock C y cle 2: 

Bio,,,; Select Y. Add Z„, ,;/ = R }~RJ , 




Clock Cycle 3: 

ZomJLln (R5=/) 
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Q4:How register transfer works w jth^.ciuMilso^im.e voujwjhLIo ir.msJ^ ihUa from 
register 

Transfer the con tents of reg istejJ33tr>jgnkw p.; ;o _ 
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1. Control signals R3out, R4in and R5in become 1 . They sta"", ,J; d U1U ,| u! oflhe clork 
cycle. 

2. After a small delay, the contents of R3are place,:! onto tk- I u, f I,, , ( ,f R 1 stas 
onto the bus until the end of the clock cycle. 

3. At the end of the clock cycle, the data onto the bus is loaded into and R, out R4in ^ 
and R5 in become 0. 



Notes 

□ JJiejumiber of registe rs tha t can he sinuiltam oM^jo^t (lej ,e„,| s on; ' 

♦ Drive capability (fan-out) 

♦ Noise. 

♦ Note that this is an electrical issue, not a logical issue. 
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^' 04: Perfo 



/ v^. iVrforminp an arithmetic operation Add the cont entso!' re^sten A'/ and A" it „,l place the 
/ result in /». That is: = / + RZ 



I. P:uC0 die , .jillc.lf. 1. 1 |C! ■■■{■.■! \i I into the V 

regime,- h, ilu- doc! d- ^ J- {., ,, t 




2. I'Lue the c i.u-uc. of i . „„,,, ,|, e j„ 
the second eh.. I ...j, ii.nl, „t-; to the ALU arc- 
now valid. VI -a reiHMri s . „i l assert die ALU 
coiviinand I--.'. |.( 

3. In the ihi,d ,- [: .,,|, j- / ,-, ; , ;lcr ,, as latcjleJ the 
output of the ilms il , contents of die Z 
register can In mpied into resjiiiei R3. 
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; 05: How c:,n word fe.che,, f rom mrninrv? What is ,„„ r> ., ,, j ,^„ a , t| , ;i , „ ^ 
^iilMronLl^^ 

□ Processor has to specify the address of the me,,,,,,. ,ocau,n wl , f , rtlis information is 
stored and request a Read operation. 

□ Processor transfers the required address to ! /-; /■ 

♦ Output of A/.^ is connected to .he addas, lines of the m.-mory bus 

n^ir USgS ^ CUntr0 ' H ' ieS ° fthe — ' " «' ■ » W , 

□ Requested informa.ion is received from the memory and s sto,,i m W ,H 

♦ I ransterred from MDR to other register-. 
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□ Timing of the internal processor operations rnus, he coordinate. ; , id, the response 
time of memory Read operations. "spouse 

□ Processor completes one internal data transfer in one clock ,vcl, 

□ ^-PO-'-foraReadoperari - ,uhl c and ust,,,,- ,„n g cr than one 

♦ ^— -its until deceives an, ndiea.i hat .be reqm ,,1 Read has heen 

♦ ^niniililinal^ „hM,,, is , ,,, (his purpos , 

♦ MECis^H by the memory to indicate m„t the content , of ,he specified 
locatton have been read and are avai.a ble on the data lines „f 2ZlyL. 

z TJt i : lJst ste » s «> ™™<* this f r„... rr^grsiiiL RJ 

1 ■ Load the contents of Register Rl into MAR. 

2. Start a Read operation on the memory bus. 

3. Wait for MFC response from the memory 

4. Load MDR from the memory bus. 

5. Load the contents of MDR into Register A'. 1 . 



L Steps 1 and 2 can he combin ed. 



□ Load Rl to MAR and activate Read control signal -irmilta., .mu-1\ 



□ RLju,, MAR ; „, Read. 



2. Steps 3 and 4 can he combin ed. 

□ Activate control signal MDR,„ E while wanin-. for response ii .m the memory 

MFC. 
Q MDRin F, WM FC 



3. Last step 

□ Loads the contents of MDR into Register li:. Hence. Men m, Read opera 
takes 3 steps. 
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1. Rl uul , MAR,,,, Read. 
v ^c^> 2. MDR mF , WMFC 
3. MDR oull , R2 hl 
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06 : Write the steps of executin g this instrmrion o( \\ rj \ I i \\ « word 1 «. memorv: 
MOVE R2, (Rl): 



1. Rl, mb MAR iir 

2. R2 out , MDR im Write 

3. MDR llutE , WMFC 

(z-ifi&t- /),,, { 



Q7: Example 3: Execution of a co m plete [nM nictioju i ejLh j'j jecodt: I x ecutc) 



Step Action 



r 



1 EQm ■. MAEh .Read, Selects Add Z„ 



f.*b $ ., jbk-fi^ <*~\ 2 ZetiiPQsu^ WMFC 



•ft ' \ v ;: 



i » * { ■ 



L 2 MDRmM^ 

i RU, MAR i,, Read 

5 RU, Y„,WMFC 

L MDR rjJ ,, Select)', Add Z,„ 

1 lout, Rim, End 
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08: List steps t >j , -LLlliLilLltiLlio.n tij linincli instructions 

□ Branch (;ii ,;et address is computed by adding the updated contents of the PC to an 

offset. 

□ Copying the updated contents of the PC to Register )' speeds up the execution of 
BRANCH instruction. 

U Since the I etch cycle is the same for all instructions, this step is pet formed for all 

instructions. _____ 

,cJJ.5 <$= 0 yon c Jj loop ^{ w>/7r 

Step Action sT'f^t^^^ 

" — [ W'C f<~ > >7J kuch '^ 

1 VC out , MAR,,,, Read, Selects, Add, Z irt '^~^jQ*L r ''fr£ 

y 2 '^ut, pc,„, Y m , wmfc f.L.fsJ- 
3 . MDR r>ut , m m " .-v.: i-'^ 



4 Oifsct-ficld-of-UU,! Add, Z„, f «. . , , 

5 Z out , PQ m End y . 

figure? /./ Control sequence for on unconditional 
Branch instruction. 



Example: Coiuliti.iinil It ranch i"s<ni_Jji_>ns 

Consider now a conditi^Jraiich. In this case, wc need to check (he status of (lie 
. condition codes before loading a new vatacdabLlfaeBbL For example, for a Branch-on* 
negative (Branch<0) instruction, step 4 in Figure 7,7 is replaced with 



\ ' i < Ofcfield-of-IU Add, Z ^NrQth(^ , 

Thus, if N=0 tlie processor returns to step i immediately after step CW?\, 
step 5 is performed to load a new value into the PC, thus performing the branch' 
operation, 



_Q8: why we need the multiple bu s organization. Draw its architecture. 

□ Most commercial processors provide multiple internal paths to enable several 
transfers to take place in parallel. 

A Multiple bus organization (Three-bus 
organization) 




( -J Ihree-bus oigani/alioii to ,,,nncc( the registers and the ALU ofa processor. 

□ All gene.al purpose registers are combined into a single block called register 
I lie. 

♦ Register file has ihiee ports. 

♦ LmJUtimsjloPs connected to buses A ,„„/ n a || mving ,| 1C co „ le|lljj 

ol two different registers to be accessed simultaneously, and placed on 
buses A and li. 

♦ nUL'Jj'M'iit port allows the data an /„»- r ■ ,» bc | oaded in(o (|m . d 
register din ing the same clock cycle. 

U illjmillJjLyjiLiyiajid ot iipuis fro m [he ALU: 

♦ Buses A and B are used to transfer the source. operands to the A and B 
inputs of the ALU. 

♦ Result is transferred to the destination over bus C. 

U two input onen.nds unmodified jjjiced cd: 

♦ Control signals for such an operation are R=A or R=B. 
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^ Incnmenter unit: 



♦ Used to increment (he PC by 4. 

♦ Source for the constant 4 at the ALU multiplexer can be used 
mcreme.,1 other addresses such as the memory addresses in multiple 
load/store. 



to 



f 4 . < 
x x :J 

Three operand instruction:,!/;/; M R\ ay, 



1(6 



\ — 



Ste P Action , 



^4ii AG* -R*B, MARin, Read, IncPC 

2 wmfc ' '&f~t; J h 

3 AffiWfljB, R=B IRin 



4 ffjws, SeleclA.Add.R^. End 



A Multiple bus organization Ohree-bus 
organization) SX^K- A") 



L'Jass the contents of the rrthrough WJ .md loud it into im 
Increment /'C 

2. Wait for 

3. Load the data received into WKtod transfer to (/,• 

4. execution of the instruction is the last jtrp 



^ -f 

PC 

R<tilsiw 



frlrt 



> Am R l 

4- - J 



inr.tnif lion 
rfer/«f«r 

T ' 

If? | 
Mf)R j* 

MAR " J* ' ' - • 



Mcitiorj dxu him 
Mnin>i\ 3tU\t[:s\ line 



by 



"execute instructions the processor must generate the 



necessary control signals in proper sequence 



(i3 IL mb.vircd contro l- 

>' ^"'n.hin.is.lcsignedasatinitestatcinachinc. 
^ Inflexible kit fast.; , 



A|-p.o P ri He (or simpler machines (e.g. RISC machines) 



i j ) HiH^mi^aimncdjwiln 

' ^trolp„h is des,gned hierarchically using principles identic, 
v ' flexible, but slow 



ifical to the CPU design. 



Appropriate lor compk a machines (e.g. 



ClSCjnacliincs) 



iiiieJkxamjlic, " — 1 



Step Action 



jf'-"- ' c »> ■ y*,. WMFC 

">'•"■:.-. iR m 

f'M. :,>. MAR, : , . Res.i 
R1 ■ Kn. WMFC 
MDR„.„, SelnctY. Add. Z„ 
■ZtHti, R1,„ , Fnd 



v Each .slep._in this sequence is 
completed in [one clo ck cycle?]"" 

^ A punier may be used to keep 
(rack of Hie control steps. 

' Each stale or count, of this counter 
corresponds to one control step. 



to 



' ,,,,u '"» i »^ which sicp in the sequence, 
"'-"•'""ineslhenrlualinsfn.elio,, 

,,, '' t,Xilm ' !hill:ll! '<AN(.TIi„. s , nicfion , , ; 
<• I:,M crjiaMi, LU s^is ..s„ci m j\||.( '. 



r ■■' 



j ... / I 

"" i r mtuih'f r-— 



, i > / 1." 



I Senwtc signal line fa 
| mil instruction 



\ 



| Kll'|i ijmmM 

rt** r J 

T, t, ... , (-'""bines inputs to gencinie 
\ j j /' win'/ sir/n/s 



>■< .t,..,lK,l, 



I I. 



ins. 

m. 



' Control step counler. 
\ Instruction Kegis(cr(IR) 
4-4» }/)h:// ,, f f * Condition codes. 
—I | v ' External inputs. 



■I 



Li 



1»5 ^ uh: lu 
' • •• J i )/•• 



>LJ, L,.,- 
- >i . /V'-;- 

M r L.,L 



' ■• . i , . 



I '•/;••) /' 



1 J A/' 



b)T) fv- A-' 



> J.' 



I I 



EMlimlcL^^ , WD arc penerateft ,, v 

in tlic htmh vir cd control c ircjui. 



□ Suj2i)usc _if Z,„ is asserted: 

^ Inni ng T , for all instructions, 
^ During T r , for •// )/'.•> instruction 



^ During T 4 tor unconditional BRANCH instruction. 



ion I V '\ t ■ f 



BRANCH 



AfX) 




ii ^y j/[ j-v - ■■' ^ Zi k> CD 



Z m = T, + T (t . ADD + T 4 , liliANc.'! i +~. 



)Y.uy.\ 



U CoMir^Ji^dnarc can Ijjm ieun l as n sla te ma.hin.- 



* ' iVWrC< Ma,c " VC '> dl,ck cvde depending on the contents of the instruction 
register, condition codes, and external inputs. 

LJ iMjri^Jil(liii.slii<c. machine aie co„i.-,.l «, „,„.,. 

U ; Sl ' <,,U '';"" r, "," ml si «»» ls by U.c machine is <le,enni„ed by wiring of 

logic elements, hence the name "hardwired control". 

of opei , () , )n js one (>f (|)c 

li-uclwiied control is its speed of operation. 
UlMi!vai^^ 

♦ Little fkwibilily. 

♦ Smiled complexity of the instruction set it can implement. 

WOrd i;hosc mi,iviJ " !l1 represent various control signals 
J-,, instruct wil, have its own microroutine which is made up of microinstructions or 

At every step, a t o„,roi If ;rd needs to he generated. 

May i„ ,nis miavroutine is referred to as a microinstruction. 
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Mici oroutinc: 

S Every instruction will need o sequence u/CWs far its execution. 

v Sequence ofClVs.fa'- an instruction is the microroutinc for the instruction. 



Control Store: the microutines for all instructions in the instruction set of a computer are stored in a 
special memory called Control Store. -< 

.,/■'-', _ ~-- ".■ ' ■ ■■ ' 

- 1 .-■ \ 

Microprogram Coun jti^Mj)^ is something different than the program counter (PC) of the 

microprocessor. Mpc is responsible about the generation of TI, T2,T3 In control steps may lake 

different clock cycles 

I'xnmplc: 



/ Microprogrammed control (awtd.. 



yitC?iWp_rd (CWJ is a word whose individual bits represent various 

control siqncils, . . 



',■>> Microprogrammed control (could.. 



Step Action 



1 PC , MAR,.,. Ho.tJ. ^feM.Add 



l-Ch , t„. WMI 

M0R ( , (1 ,IP (r , 
KVm . MAR iri , HbmI 
R U.V'h, WMF C 
MDR M ,.r.nlratY ( Add 
2,-.,., R1,„. End 



At every step, some control ■-i>.\ir.\s 
osseilc.d (- 1 ) nn-J tsll other. < re 
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Liiri 
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inslfuclior 
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•At vicry step, n ( tmiivt Won! needs to be genemted: 
'Every instruction will need » Wi/ueiiee of CWs for its execution. 
•Sajiiemvoft it v form instruction is the micmruuline for the uistiwluw. 
•l:.ic'i(Ji_m this nvenrmatinc is referred to is a microinstruction. 

tSelectY 'js represented hy Seicct=0.&Sctect4bySc/ecl=t) 





Starting 
address 
Qsnorator 



31 




Control 

str>r« 



'r^&rcf /J 

ow 



■5- I liis .ulilicss is |(, ; ,«|,.,| inio || m pr ,„,„, ■ 



mjrks, ' - 11 "'" ,tr -"» t r r"|- l -f llr.K«.1, l .. h T ...,- 

- llsc >"»'<liliuri!lll»™,,-l,,„icroi„ s ln,>:iion. 



f'nl-i . i " '" "*" " " * 



IPS 



■.-•tailing nnrj 
t»r«rioJ> urlclres 
gwmralor 



Contjiiion 
cxxJes 



II 




J*t?-ttct?iror. 
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v Starting and b ranch address generator accepts as inputs: 

o Contents of the Instruction Register IR (as before), 
o internal inputs 
o Condition codes 

^ Generates a new address and loads it into microprogram counter (mPC) when 
a microinstruction instructs it do so. 

V '" PC is '"cremcnled every time a microinstruction is fetched except: 

o Nov i.islrucboi, is loaded into IR, mPC is loaded with the starting 
■ address of the microroutine for that instruction. 

■> HmucI) instruction is encountered and blanch condition is satisfied, 
ml'C is loaded with the branch address. 

" l -)d instruction is encountered, mPC is loaded with (he address of the 
li'si r\\ in || IP inierorouline for the instruction letch cycle. 



Example: 

A 

\ 7 Microroutine for the instruction (Branch < 0) 



Address Microinstruction 



'' c nui' r - IA|; 'ii, . l'f!n!l.Sste'.:M,,\d'.t. | 

2„» ■ P' „ . Y,„ . wmf-c Fetch /?^tAY7/<tfinstruction 



7 MOR,„ :t ir J micr <""outine is ut address 25. 

fW.h,o a p l „opri (1 ,e,nicrorou.i„e Branch to address 25. 



Z-> If N=0, ll.e.n branch lo mk:roi., S truc«onO Test the A" bit of the condition 

?!> Ofrsct-liiild-DMn^, . r.Blcr.lY. Add. 7-, codp - s 

27 z M . I>C;„ . End W 0, go to 0 and get new instr. 

Else execute microinstruction 

Seated at Z6 and put the branch 
target address into Register Z. 
(Microinstruction at location 27/ 

Address 25 is the output of S .«rl,„ y address generator and is loaded 
into the microprogram counter (,ui'(). 

{ -i ■ |,|: ll(m ' <l»c Microinslim tw... k iv M rii;iMnj_ 

i^im^kjUllim^h is to allocate one bit for each control signal Results in Ion- 
microinstructions. b 



v ' Disadvantages: ° > 5 A W.., y^f 

S Since (lie number of control signals is usually very large few bits are set to 1 in 
any microinstruction, resulting j„ a poor use of bit space 

^ Solution 

' Reduce the length of the microinstruction by taking advantage of the fact that 
most signals are not needed simultaneously, and many signals are mutually 

exclusive. A 

! 

jjoiiexaini 'le of disad vantages: 

■ Only one A I.I. J function is active at a lime. 
<:. Source for a data transfer must be unique. 

c Rcaii and Write memory signals cannot be active simultaneously. 
-Group mutually .o chisjvc s ignals; in the same group. 

" At mosl one micro operation can be specified per group. 

' <'"'i"g *lieme to represent signals within a group. 

(' Example of grouping con t nj signals: 



' II" A 1,1 J lias lo operations, then 4 bus can be sufficient. 
' < ..oup reg.sler nulput signals into the same group, since only one of these 
signals will lie nelivc al am given time (Why'.') 

' ' !l ' c 1 Tl \ has i;eneni1 Panose registers. Ihen PC, M . MDR, m , Z„„, 
< V/.v< ■/,„„. Av;„„„ A'/,,,,,, /<->,„„. ;llK | 7i v;;/w . can be placed in a single 
g-nup, and A bn.s will be needed lo represent these, 



* * I? INt«> 



;;;; ^ - ~ 

• r u - — ^- : , w ; .... 

■vtrt. n,, , to , " 1 _ u *?M tow vntHtfr/t tic/tin* 

11 '' " V- , -! . Miwu nyt/t\s€W all //«■ siimn/s 

1,1 '** • Mini l "" l ->"« . t ./ . 

■ > t , . ., '""^ must tnrhui 

*m i; o-fi.,1.^ <wic jtr&ctiw votA; tt/u'c/ 

— - .*/»«■//«•,* //c» actnwt. 

"ti. j "77 j - j j " - ' " f<f/r/<r f/n not h.ne t< 



include uuicf/iv ct'ik: 



L>J g=J2iJl»eJjlcJj^^ ()| - , i , i ,.,„, r , i ,„.„„, 

In vertical orp .ani/atimi ■ 

' Had, microinstruction contains a small number of control functions leading to 
\ " U,rC "»^"»stn.cl.on S required tor the execution of each instruction. 

\ -■■ - r J , , U I h ' '- . .. -i , i 

\ . \ ) , -'V . ' -r .>., i. • ' ll . / \ 



' Results in slower operating speeds. 
In hoi iy:t>iitnl iwpm^^^j,,,, . 



y Main 



Require .hat the CPU structure ..lows parallel use of resources 
results in higher operating speed"" 
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